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Abstract of the Disclosure 
A control Bystom for a oblorination plant 
Cor paper pulp provide?; for Iced forward control for 
continuously adjusting th<s percent applied cfclorine 
to compensate for short ana! cnediuin tern\ variations 
in bloacb demand of Che brown stock. A raattwroaticia 
model Of: the process may bo adjusted for variable 
retention time and cMorination temperature* and also 
accounts for the. parallel oxidation and substitution 
reactions in tha bleaching process, A chlorinate on 
sensor is also pro vidua which, coittponsataa (Tor change b 
in eoosiatteney unci baa Lwo coiected sensing wavelengths. 



pxnsecnl; invenLlon relates no a method 
of bleach plunt control and fliore specifically to a 
cbl or inat ion/extraction control ay atom. 

Za Utfi paper making proceaa the paper pulp 
lo brightened to a selected target value or xappa 
number by bleaching, Kappu number in a measure of 
tho quantity of lignin in the palp. An essentia] 
pari, oi bhe bleaching process is An the chl or in at ion 
and extraction stages where chlorine is added Lo the 
paper pulp and reacts with toe lignin. Lignin is 
the material in paper pulp which causes its brown 
appoarancc and v/WcJi must be removed to produce white 
paper or in other -woi'd£, to produce a Kappa number 
ox bxightnees of a selected value. 

<ttri2B, in theory , it i* desired to add the 
pyevpor amount ot chlorine bleach for the amount of 
lignin present in the pulp current Xy being inpuLed 
into the bleach plant. This inputed pulp is normally 
termed brown stock. After completing the cUJwin&tJ.on 
and extraction process the bleached pulp Lft» an extracted 
Kappa K number which ic as close to the target 
a a poo Bible. 

i»ypicetL bleach plants way have the following 
stage arrangements 

1) CSHD 

2) CX43Kb 

3) CEHDED 

where 

C = chlorinate on tOV<\r 

•* 

E « extraction Lower 
H = hypochlorite tower 
P m chlorine dioxide tower 
If eh* fimt two stage*, C emu E, arc controlled precisely, 
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the control of the later stages is atuch oasiei:. 

Oflft fcyjxi of bleach control Bye Leu which 
hai> boon u.wd JLn tUO i>n*% i« M"* "blaefc vidov" control 
system aa described in an orticlo by Obonahflin in 
TKVVlr January, 13.SC, Volra* 41, Vo. 1. In tho "black 
widow 11 t;y&Le#i a photouistxic eenaing device lccaled 
downstream ol the clorlnacor feeds back infor/uaLion 
ay to the brigbtnasa or. Kappa nurnbor o± the pulp at 
tteit point to control o chlorine vgIvo. However , 

10 this syctftJTi doer, not adequately control the extracted 
Kappa nwnber siw* tHe j>oiu+. at which the aensimj 
device is located is upstream of the chlorlnatiou 
tower and extractor. Thus, if. will not easily or 
adequately compensate for either ambient tenrperatur© 
cbangos or ctwn$<M in retention time oi the paper 
pulp in the chlori nation process. 

Another approach to chlorination ic described 
in an «td>cle entitled n h New Approach to in-line 
Control Chlorination" by Jack Strom and Harvey 

20 Noyrich in tbo periodical Pulff tutii Paper, March , 1$72, 
and in U.S. Patent No- 3,4 65,5*0. This ays tern h*.a 
essentially the aame die advantage aa tbo "black widow" 
fiyfitOW, 

to addition, both of the £oro«roln9 approaches 
uea a proportional plus integral analog controller 
which produces an unstable control loop. P and I 
controllers ore usuaUy detune* to provide a alugcjiah 
veeponBe becivuBQ of -tuu danger or process gain or 
deadticna increasing; li thace increase, the control 
30 loop bocomec. unstable. 

AJl of the conventional control mothoda 
for bleach plant control hava poor control capabilities 
which either result in high bleaching cotfts boc«^u:o 
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of the 9.xc0ma twR of cheuACfals, ond conconitcntly pollution orebleiK, 
and olaa Jesuits in poor control of brififttnoss. 

IdoaUy for perfect cimlvroJU b pure food forward system 
would be <v;cri vKwrc tho cmount oT iigniu in the In comine P^P 
car*ially *w*sutc<1 and the pxopcr anxnmt of chlorine Is then added 
to react with, the measured li^lw to produce Che dosirod iffliowiD of 
blaach'rnu or brififituoss. This cannot be dona since the aununt oF 
Hraui cannot be FiicccssIuUy ireasured, 

Hwsovor, the effect o£ the cAlmUe ntoltfi ho* Ijpch udd»« 
cim bo naasuxad. Hut,- a|caln a pure .toe-dbixci control sysfcora ciranot 
be used sine* the toeal time for a typical diiOTinaticm/esfca'actftwi 
process my range from 2 to 3 hours. This include the tUw> In a 
cM<jrhw; ^.3f»ri & chlorino tower ami an extraction lower. 

tt is, thoroJoxo, a gwsoral object of the prcsont invention 
Du provide mi Iwp roved CWtUxol &r*tr;ui tor & bloAch plant. 

f|: tt: imDthor object oi the invention tn provide ;i chloxiuafciwi/ 
excretion control zyxzom which provides Lmnrowd xegitiiitf on of ex- 
tracted Koppn mmbor and henoe britfvtnejts. 

It is another object of the invention to provide an improved 
KBtilOd Of Sensing chlorination, 

• It is another obj act of Clio invention to provide a cnlor- 

in^tion senso? Ln o systevt its tbovo whica RutoroiticaLly comesnmes 
Jor Change* to cw^Lstcnc/. 

'i'Ko present invention provides a math*) ai control I \ny 
tho extracted Stripp* auHber v*f j>apex pulp in u process having a con- 
tinuous flow ol such pulp tlirooyh prowiAing iu;nns »hcro n bleaching 
agent is added and partial bleaching taaas place and thrcngh xaactor 
inenns tosi&st^tUUy coupl^c 5ucJi bluadung said pulp oeing sus- 
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fesptiblc to the concentration of li^ni* which 1* uAm&u* cmilUe U/ 
illicit vhich *f Pacts s&td aCappa number and whaxe aoW pulp ia *u*'- 
joct&d to jnjcJ blenching aycnt in Sidd prcjidxiug mows kjhI s*id 
jrtiictor nosms which affects said Kappa number said mathod eowptts- 
W the rollowinfc stops: sensiay. a eultu vsaue xelated to said 
Kappa urunbor a£tee said material flu* been A*ibjei:f©0 iv xtfd blisaidi- 
ing agent in said prund.xinjj uunns; providing n prediction mndol 
which in response to *al<J sensed valuj> : the anount of Mc»dtla£ 
agaut added, ami tcjqvriititrc lino* retention tiiro in paid projnioT 
;uid xcactor noon*, predicts the future v*lw oi said Xappa nunber 
after being withdrawn Iron means relative to tha present amount 
of bleaching aganf heinft added; uud co^paritly Said predicted 
future value sifter Niint: withdrawn from the reactor noons *\th 

e 5&t poiAC tefVrAiire ?put c*ian£**n\g »<ivd W'HOVRt of blcucMag 
og*r\l: ici response to b lict of cwipaxison. 

figure 1 is a block diagram of both the actual process 
•for cJilorinaticm/extrrictian of paper pulp alonfc if Lrli a fUftCtlOJiat 
block dUgrqn of tho ptn&eaa which the aasacxatcri Computer octntrols. 

Pi gore 2 is n bimpUISed sehainatdc of tXo cblordnatlon 
Jensen* of Figure i. 

Pigora 5 is a aet of characteristic curve* useful in under- 
standing the operation of the sensor of Figaro 2. 

Figure A is a set o.P curves useJtal in understanding the 
operation oi? the process of Figure L « 

Figure 5 is a more detailed block diagra* eF PiRure I. 

In Figure 1 there is shewn in tha iirocass portion 10 a 
typical chloriiut too/ extraction plant. Pottloo 11 Is either a 
computer i/r speed »1 purpose 




control unit which control* the operation of the plant 
portion 10. 

Specifically, the portion IP includes a 
chlorinaticm premixer anit 12 which has as inputs 
the brown stock peper pulp flow on line 13 and chlorine* 
flew on a lino 14 which ia controlled by a valve arrange- 
ment 16* The percent of chlorine applied to the- browj 
stock, of course, ia a major factor in dotorainino 
the extracted Kappa number or final brightness At: 

10 -the output 17 at the end of tne j»roeee£r» Tlje chlorine 
promixor 12 may bavu a retention time of 20 seconds • 
to five minutes, the transfer function of the preanixer 
is represented by the mathematical notation Ql (a) , 
The * transform fun c Lion is somewhat similar to a 
LaPlaco transform function excerpt that instead of 
being a continuous variable tho z transfer function 
is based on periodic aampleai e.cj,, every second, 

The output, oi! t]tv cbloxiJits prcmixcr -which 
is normally a continuous £low is foci to a chlorine 

20 tower IB and tben to an enaction tower 19 both of 
vbich aro ocaontlally plug flow reactors ♦ i'ta total 
transfer function of the combined c'nlorinatlon/eKtraction 
process is reprueented as G2(r) and repreBentB a time 
oelay of from two Co three hours. At the output of 
the chlorination precnJLxor 12 ia a chlorination sen^or 
21 which eenaee <he color of the partially. r*aofc*<* 
.putlp after having boon subjected to the injected chlorine 
for the retention time of the prendxex. The sensor 
output had been designated l)S. The chlorination process 

30 continues in the chlorine tower IB. The reaction 
products are extracted in cxtxaotion tower 39 where 
the final extracted Kappa number ia reached. 

♦ Rcierring nov to the computer portion II 




999950 



■i 



•••0 



.1 

.- : 
: • 

,{ 



•.•1 



©I riguro 1. a predictor unit 22 provided A mathematical 
model which predict* the condition of the ptOp Jenving 
the extraction tower 19 i in other voxd*, predicts 
the axtrccted Kappa number, EK, bated on the current 
operating coxvSitlona* Protestor X7. is responsive 
to several ayctuqw parameters; percent appli**i chlorine*/ 
Cbf te»poraturo, 'X r ehiorinatiou sensor reading , DS, 
and the retention time a of both premixer 12 and chlorine.- 
tower IB, Xn addition, Othor operating variable*; 
10 of the ohlorJ.nfttloo process which axe taken into account 
ere the type of pulp and tthfi actual pa rt.iculax character-* 
iBtiOB of the proceeding equipment vxich includes > 
of course, chlorine premixer \2 9 chlorine tOWr 19 
and extraction Lower 19* All of thc£o vaxiablea including 
ambient taiuporature and retention times axe representor* 

A- - A 

by the input parameter* Ki p through KV. Predictor 
22 thua .provides on its main output Xi.nc 23, SK or 
the pra&icLea extracted Kappa a umber. 

A byproduct of the predictor is tbo brown 
'2U atocJc predicted Kappa number BX which' is actually 
tho amount of lignin in the current incoming papar 
po.lp„ Thin value, oJ? course, cannot normally be measured 

A 

by ordinary on-line methoda. The value of BK is very 

v.BQf uV lx\ the control of tho pulping process which 

proccxtoa tho blenching proceas. A* Illustrated, prodic— 

tor 22 hao ft* otli6v inputs the brown stocJc flow 

the rixA/ of chlorine. A combination of these two 

elements with brown stocK consistency will provicJo 

tho porcent chlorine (CI») adde* to f-be brown stock. 

30 Periodic xeoabacfc cootrol of the a*trat:tad 

a 

Kappa number, JJK? from output line 17 is also provided 
to stabilize the remainder of the control aystom against 
alow drift in unmeasureblo variables, rbo initial 
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fcximchetl Kappa i lumber *?t point i» oojnpared fc.lfch 
tbe actual value and any orror drives a predictor 
update unit 25 duc3go;ttoi1 with a function {2) . 
Output 21 aV tJiin pnwUctor in oesenoe provider & 
£oc4bACk bleu which vhon combined vttb Che predicted 
extracted Kappe number, EK, pruvidaii oo linn 29 a 
Kappa number updated fox alow drifts*. Thic is combined 
with a lino 39 'which hnB the currant or tracts Krppu 
number Bet point or target , the difference then providing 

10 an orror aignal on line 30 to drivo a clilorJuo controller 
31. This controller baa a characl'^ritrUc nX{t) Vhich 
ii# designated to corap*naate Zov the delayed measurement 
of the color inat ion eenecr 21 * Tn other words, tho 
controller 31 nac a control elgoritbm DlCz} vhich 
la a awnpled-data , dead- 1 J we conpeo sated control algorithm. 
The output ot controller 31 on line- 32 drivee the 
chlorine valve control unit 16 in accordance vith 
the error on line 30. 

Delay unit 24 incorporates a m&tiiomatienl 

20- model G2(a) which is tho retention time of the entire 
chlorinatioa/oxtrantico process. This unit onablos 
the operator to easily change the final get point 
by adjusting the current extracted Kappa number met 
yoint.* This change must, of course, he delayed by 
G2(z) before bein$ compared with the actunl extracted 
Kappa number to provide on update > 

IC io apparent £rom tho foregoing .description 
that the computer unit 11 could bo cither a special 
purpoee computer , a pcneral purpose computer or a 

30 spa daily floeignad control unit with the actual functional 
blocks and lSner. as illustrated* 

from a more theoretical and overall viewpoint, 
tt is apparent that the system as Aoecribed above 
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is essentially a teed forward ays tea %H th respect 
to the predictor 22 vilh * delayed ncariwreraejot of 
Lhe diijtorb<mco vaxiabl*. fhio disturbance v*x labia 

la, of course, the amount of lignin In tba brovn atocX. 
□r paper pulp* The coo trailed variablo io the brigbtncB* 
or extracted Xappn nunber of ton brown stock and tlu» 
manipulated vox! able it tlkO porcont chlorimt added 
to- the brovn stock. 

Figure 2 illustrate* the structural details 

10 of chlorination sensor 21* such cnlorination tensor 
is similar la concept to u moisture a en sing Ocvico 
disclosed and claimed in D>3. Ha tern: 3,G41,349. She 
eeneor in essence measuron the transmission of both 
visible and infrared iighL through a vinjiow 36 in 
the pulp transmission line 57 from the chlorine prcraixor 
12. A light source 38 is focused by loniOb* 39 And 
41 ana chopped by chopper 42. After being transmitted 
through the pulp or brown etnek which is flawing" ' 
through the line 3?, At i* split into two portions 

20 by a beam splitter unit 43. One portion is filtered 
by a filfcorXl, focused thoroafter by a lens 44 and 
detected by a detector 46. The other portion ie 'filtered 
by a filter ^ 2 , focused by lenu 47 and detected by 
rt detector 48. The outputs of botn detectors are 
amplified by amplifiers 45 end 51, demodulated by 
<u»iBodulator 52 and than coupled to predictor 22 . 
tfhue, the output or demodulator 32 1h DS or toe chlor lig- 
ation sensor output. 

the wavclonytbsXl nr#dX2 are a? Illustrated 

30 'in Figure 3 substantially 50Q wiUimicrona end 1075 
millimicrons. In other words ,%1 ie In the visiblo 
raneo and^2 in the near lor r ore a frequency spectrum. 
tiSw curve* of Figure 3 illustrate *he transmission 
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; characteristic of the imchlorixiatfid bxouji stocX and 

the brown stock affcsr nhlortootion and retention tithes 
• of both Lwo mJLuutity wad 50 ninnLeft. It 1$ apparent 
that the transmission of the wavelength Xl viXX be 
considerably affected by the amount of bxigatening 
or bleaching of the brown stock ichila the- traosmisoien 
r - of the wavotatisth V U u»a££evtod. Thus, the laLt**: 

"i vavo length may be used as a reference arte) When compared 

•>S withal will provide An indl cation of the chlorine 

vi 10 . with ebc brovn wtocx. JCt is also apparent thatXl 

. , audX?.» rtltnough it is believed that optimal values 

■Vj 

•j have been selected, may be varied sgmevhat from those 

?! value b to achieve the desired aeasorontent results* 

n 

vi The oliloriria felon sonoor will also automatically 

.i • 

.\ compensate for consistency change?. % This is because 

*, 

•j the pre son co of more fibers Increases the amount of 

lignin in the path length of the iight being transmitted 
. through the window thus oaring the fiber tnaco loot 

\\ 

'] darker. 'Wvf.s, therefore, results in the controller 

e '\ ' 

:\ 20 increasing the chlorine flow. 

' In the preferred ewbodlmont Df the preaeak 

£ invention the operation of predictor 22 la based on 

: J the assumption that two reactions, namely oxidation 

•j • and fiubstitutioo, occur simultaneously in producing 

•;]' the bleaching oC the brown stock by the chlorine. 

:j This is illustrated in Figure i where the aranont of 

:j chlorine concumod relative to the total reaction tltoe 

provides eubetitutlon end oxidation curve b, the total 
chlorine consumed being aerely the addition of those 
30 two reaction curves. She substitution curve rises 
•i ■ vary rapidly relative to tlx> oxidation curve. It 

i is apparent that consideration of these reactions 

ia useful in providing a reatheanticol model of the 



.Vany2html?FILENAME^2Fcpoti%^ 



UWliV * VVSU A* 



J10/18jp 



999950 



•hp 



10 



20 



30 



blovt"."? pi?ot^*iii. TMu Is especially important vhor*, 
referring to Figure 1, the culorlnation censor 21 
is necessarily locaued ixmieaiately at the output ox 
the chlorine premixer which may hnve a relatively 
short tutention tirae* Tbie locaLion i» necefltaxy 
bince by mijrittissjjftg this delay time the control eystera 
response to rapid or high frequency changes in brown 
stock Kappa number ia uadn possible. 'Jhe retention 
tine will, therefore, fall in the very early* portion a 
of tho substitution-oxidation reaction cvrvoa where 
-the fastast rate of change ie occurring. Thus, £or 
an accurato production, it 'is believed that it ia 
preferable mo nee the parallel reaction EOdc.U 

Utilizing the parallel reaction moddl for 
the purpose of prediction the following assunjptions 
arc aa^ci 

i t • Two reactions, both firaL order, occur 
simultaueeuely, 'itoOKa aro oxidation an<3 substitution. 

2. Chlorine In aqueous solution ie hydroliced 
according to 

K , ■ ^ iaj ^ . id 

where K£ JLs tl\e equilibrium constant' at temperature 

" "4^h fraction of tea initial lignin of 
the paper pulp reacts with the rttolocular chlorine 
in a relativuly fast £ix«t order reaction; i«e., 



k fi iu] [ci 2 ] 



C2> 



where l*a ie t&n concentration of Xignin Available 
for subatJ tutlon and Jt fl La a function oi temperature 
described by tne ftrrbeniqe equation. 

4. ltee total lignin also reacts with the 
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hyoochlorour; acid, B0C1/ by oxidation* i.e./ 
fjl - k IM .CB0C1J 



<3J 



whoro 3i 1q total li'jnin, l* c relates to the roacclon 
by oxidation and k 0 i« again rclatod to temperature 
by tbo Arrheniua equation , 

The atoiohioi&etxy of the concuusption of 
Ci 2 and H0C1 by lignin is routed by 

AL rt * a & {C2 2 ] <a) 

10 A - ht [HOCX] <5> 

wh*re "a" and "b M axo the stoichiometric oonatantis. 

The foregoing assumption* con be used to 
derive ft ttethematical wocWL vhioh' is unod by the predic- 
tor as shown in Figure 1* For control about, a given 
steady irLate condition it is assumed That a linearized 
approximation to the atoroniGntlonttd model is ao adequate 
representation of the ayntesu Tftts assumption cannot 
bo Oxtrapolated over cjUVi ran^o venditions becaua* 
the procese lc not lino ax.- Therefore the linear 

20 paratDGtora uaed in the l:lneAXlxed approximation model 
must be updated when o major change in the process 
conditions occurs, 

Tbeee linear parameter a are functions of 
vood spweiets ratention fciroos between chlorine addition 
point and sonsor unci between chlorine addition point 
and chlorinntiou Lovex outXat, pH. temperature (inlet 
and ambient) , extracted Knppa number set point and 
purcunt chlorine applied. 

Two methods are available to d&tormino the 

30 parameter*. The fir at is by plant testing which can 
bti very time consuming if operating conditions vary 
widely, ttia second method available to determine 
the foregoing parameter a La by simulation of -the prouese 
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ueing a jiAthcanntical model. 

There &ro tv*o baste vcraiona of tho mathemati- 
cal model- First, it rtoy bo basod on a ainole "paeudo" 
chawiicnl reaction, The second which is usckJ in the 
proforrcd ombodiiiwnt of the present invention is bawd 
on the two foregoing parallel chctttlcal ronctlon* including 
the effect of liquid phase chamical equilibrium, 
toe mode3. is in ttxe Horn of a computer prooram. It 
• is bolleved that the parallel chemical reaction aodcl 

10 provides a better fit to OKpariaental data over the 
full range of retention tinea since it accounts for 
the rapid enhBuifcution react* oe wlU.ch Iff obcorved 
in tho data during tho first fev aeconde or minutes 
af^ar chlorine addition* The model itself includoa 
equation (1), <Z), (3), <4> arid <5> . 

initially, the following conditions uru 
set i L f L Qt initial chlorine concentration , X^r k B 
ami )c 0 » x^,, k 5 and.k 0 are calculated Crow tho apecifiod 
reaction temperature. 

20 The following steps arc then porformod: 

(a) Calculate tho actual concentration 
of CI 2 end nocl from the hydrolyvi* equation {1} . 

(b) Over the integration interval A t calculate 
the amount of lignin reacted by 

AL 3 = k a !C1 2 ] [L fl J fit (G) 

(c) Calculate too values of lignin by 

l + i - TAi^ + &t 0 > (9) 
30 and conarmpuAon of- Cl 2 and OOC1 by equations (4) 
and <$>> 

(d) Baaed on change a in Cl^ t UQCX, Cl~ and 
fl* roooroputQ Ci^ HOCL for & t us inq the equllibrum 
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a 







21 



i r 



20 



30 



equation (1) . 

<e) Ropoat steps <b) , («) and {d> for the debited 
lo La?, titne. This Line, of course v includes the rt: tout ion 
times of the prcjtwbcer and the ohiorina tower* The 
results o£ taie nolution procedure ia to calculate 
the pxoii:ie of Cl^ cousunptlon aod amount of ll^nin 
re*ir*tod and therefore tho color r DS, of tba pulp 
(which Is llnciurly related to the rooount oX lignin) „ 

rroift the foregoing simulation the linear 
parameters x± through can be derived for any given 
Bet of conditions Including a change in rotontion 
tine since the additions of * & t compensate for retention 
time. Also changes in temperature are cott^eneated 
since K T , k 0 unci k s are related to tenporoture, 
sJie four parameters are tho following: 



n 2 



6D8 
ACL 

/jn* 

ACL 

5HT 



U0> 
(12) 



where cr- iff equal bo Che percent chlorine appliod r 
BX Id equal, to the brown stoc* Sappa nunbor input ed 
into the process, kX. i«j equal to the extracted Kappa 
number , and ns i& the digital chlor J. nation sensor 
output. Ai; illustrated In Pi^uro 1, the four parameter* 
K[ through x£ are inputcd into the predictor in an 
off-line woda. At the preeent timo this ie believed 
to be the roost satisfactory vetnod altaough an on- 
line mode miuht he usod wfcon oeeded for certain typos 
of processes. 
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The prim* 6>.aignabion:? reprec^nt the value 
uaed in this model which «ay differ fvora tfce rtruo" 
values for the* proceae because of unavoidable exrore in 
ootiaating the parameters. As illustrated In Figure 5 
in the actual proceae shown in block 10 the SC'ji am 
unpriwntS ctr*d *n the computer a* eW> i/t bloc* 11 the 
K and G function a are primed. 

ttare specifically, to determine the parameters 
K£ throcab from the parallel reaction uoOel* small 
perturbation computations are carried out. Jrox ax ample, 
to calculate k{ ~ Vn_S the initial value a are act in cba 

* wouol and DS io computed at: the time; tm - the outlet of 
the premiXAr, Then the initial value of CI. 1b change*! by 
and X>R is recomputed; the difference ia flDS* If jJcl 
approaches aero then K^' • 9 PS a 4_pg » 

In the linearized vcrcion of the ttiiitheitiafcical 
model, the digital ©hlorination anneor output, DS , and 
the extracted Kappa- number* BK, mny be related to the 
constants through by the eguationei 

PS - GlU) K a CI + <31(a) K*j PK (1*1) 
EK = CX •+ K 4 UK. (15; 
Those may ba intuitively derived tfince in equation (3 4) 
the digital censor output ie, of course, rolatod to 
initial brovn QtocX Kappa number and the reaction of 
tbe chloxinc with that brown stock. The ewne it true 
in aquation (15> of the extracted Kappa oumbox, Kk. 

The function ci(z) relctaa to tee dead tine of 
th« proceen plUD the first .order lag response batween 
CL or UK and the output reading of the digital chlorlnation 
censor and may bo raproeentea by 
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T * time constant. 
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<tt+M) r « dcadtiro© 


(20) 




* « sample interval 


<21) 


V 

T 

.7i 


10 


U « integer 


X32) 






0 ± m < 1 


<23> 






the foresting merely IXlustratoa 


A Z 



i 



i 

:y 
I 

A. 

'•i 



4 



2D 



30 



function which Is similar in the continuous mode to a 
Laplace fcransiorca (unction. 

Protfl o practical standpoint, instead 06 predicting 
th« value of BJC passing the chlorino addition point 
(NHl)r tiiao ago it is norft practical to predict PK 
which le kh* predicted brown Stock Kuppa nuiabar laggsd 
by the dynamics Gl'(2). Ci* U) *ould include the process 
response togatner with the exponential filter log on tu» 
digital chlorination senior signal, 

tfhus« rewriting equation (14) in u now format 



yields 



UK 



(24) 



PS « Gl 1 (a) K£ CX + Kj 
Rearranging equation (24) to solve for nx oilves 
DK * OS - CI" («> K i CL {25) 

rewriting equation (IS) to now includo the z 
function givee 

, %T& = 61 1 (z) K 3 CI t K< Sit (26) 

and substituting equation (25) in equation (26) yields 
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it is apparent re /erring to tbo predictor 22 of 
Figure 5 tbat equation (25) way be utilised to solve* lor 

A A 

HK and equation (27] for SK. The eoluUioo to oquatiooti (25) 
And (2?) in ahoUA in Mock diagram fowmt in the predictor 
22. uote that if it i* doxircd to solve for me the 
remainder of block ZZ need pot bo used. 

Thus, the prosoat invention hot provided a food : 
forward type control algorithm which is designed for maxlama 
dynamic effectiveness by Coiqpunenting for the inherctnt tiao 
delay between chlorine addition and eonaor position* Also 
tho present process easily provider for variations in 
clilorlnation temperature and in retention tine. 
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BMBOPXWWPB otf "i'HE TNVTENTIOU *N »ICU ™ BXCLOS3VE 
PBOFERT* UH PKTVttdBfiE IS ULATMRO ARB SWMtltfD ^ FOLLOWS J 

1. In a notliod of controlling the extracted XnypM 
nwnh«r of paper pulp i« a prooo«8 having a contiguous flow 
of nuhh pulp through pramiidng tfeeon vhcfa a bloacbing agent 
ir. adOnd »nd partlv.1 blnnuliing t«a** !i P**«?e and tbrough 
reactor mean* to sub aumti ally complete uuvb bleaching *i*id 
pulp being susceptible to the concentration of iignin which 
is ux«i»tt9ut?ahlft by ittfwlF which oft'ciutu said Kappa nntobor 
*mf where said pixlp is enbiofctad to mIiI bleaching ±* 
sold prenixing AMine and tiaid- reactor woiijjc which af J;ccU:b 
naid Kappa number said method comprising the following 3K*?ai 
erasing a coLor vaiue related to said Kappa nucubax at CM 
said material ha* been subjected to said burning a****-- in 
paid proving wanna? providing a p^diction owdol which In 
response to said sensed value, the amount of bleacbLag agent 
added, and fco.iuperatuxe and retention tine in said premise* 
H>\d reactor ocaae , pr&UloLs the futuro value of eaU rcappu 
nusiboc afuer fo*t«9 withdrawn firoro means raufcive to bkM preaent 
amount □£ bleaching agent being addod? and comparing said 
predicted Guturo value after being withdrawn Hcow th» reactor 
foOfcna with a sset point to &e *ance and chafing sit Id amount ofi 
bleaching agent in respoose to 4 UQ* of comparison. 

2. a method according to Claim 1 where said valne 
relate & uo aaid Kappa nunihor ic measured after SAtd pulp baa 
been iub-jncited Co said bleaching agftnt in uald prenixlng 
mans for a sAiauiwly «t»ort time puriod as compared to 
said retention time aaid rowcrtor means which is a 
relatively long" time period*. 

3. ft method according to Claija 1 where said on lor 
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value; rolA-tca to said Kim** jiuffibcr iu ticjiucd by jooewuriug thu 
transmissioa of. a Boloctad w&vclcngth of visible light through 
said puDp, Measuring Lhe transmission of a selected wanrolBngth 
of infrared Lhraugh fi>*id pulp and comparing said two 
measurements, 

4. A Method as ii3 Cluioa 3 where said visible 
wavelength £n suhsLanLialLy SSO nuUiinicrons and said infrared 
wovoUmgth ia; b ub u tent > oily 1075 millimtocvnu* 

5. A method aft in <:laim 3 where said bleaching 
au^jit is chlorine whiuh in consumed ii> accoxddjjco with the 
parallel reaction oi ligoin vith chlorine in both oxidation 
arxt substitution mod** said reacLions beiag affected hy 
vturltt-tiuiui in baid tcutpcra-turo and £C tout ton fctnw: «aid 
prediction mode] being xeepemsive to said variations. 

6. A mathocl of continuously controlling the Injection 
of a bleacJiing agent into a moving stream of brown stock for 
pixxluolng a desUed ©nighlne** in Uhe brovn Btock such brown 
stuck after siaid infection being retained in reactor cn&ans 

a urodotcriflinod conation Li cm? fco fmbsfcanhially complete the 

bleaching and tbaxonftoc wltMwwm Ge»« KAid imaofca* aL a 

continuous rate, said mothod comprising tho stop** i>C; r.t:n^ing 

the color CDS) or said suocK afte/; said bleaching agent iu 

ijijucbed but before Bairl stock, is placed in said xeautxij: 

maarjfc, predi.ct:Ug tlMi extracr-ftd Kappa number, £K, of said 

stock after being wiUjctariin frc/TO said reactor based on the 

currant value? oZ pexcfini; bleaching agent appiitvd (CL) and the 

A 

darkness of the brown st-ock <BK) by 

ciu] x i cl in 

and 

* A 

• UK - Si" (i) A' CL -h *K (2) 
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where TriC Ar tha j>«K$ict*d durk»B»a of tb« brown a took 
lagged by to* dyumiau CI 4 (*> *mi uulwifcifcuLijig sanation (1> 
in (2) 

KK - K i us ^ CI* U) IKI J < X IJ CX 

whgic Cl'U) is a is hypc^ fane Lion reflfcCLiog lag response 
vir.h r««p«ct to a change, in briyhtneas fiensud alter addition 
of bleaching agent wher^ 

1 ACt. 
K.I ■ ADS 

k; = akic 

K' - ABX 

said foregoing paraweterp through being derived £r©» 
a mafchejuaticral rnodel based on the pitraiiol react ton of brown 
intbst&ucu tn said brown stock with Bald bloachio? uijcuit l*\ 
both oxidation and i» ubutlbufclofl modes aaid' derivation being 
based on ambient temperature o».' f.aid brown *toctc and aaid 
retention time in 3~ax& xe actor meana a loot? with othur parameter 
o£ the rcethod, and cocnyaring BK v.Lth d net point zeference and 
changing tt*o ifijnotiow of said bleaching agent in response' to 
* Iftclc of conrnariBon, 
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